mandible, and that the elevators (masseter, temporal, and pterygoids) are attached posteriorly to the angle and the ramus, then it will beseen that the greater the comminution of the jaw and the more serious the laceration of the soft tissues, the greater is the consequent displacement downward of any remaining anterior fragments and the more the displacement upward, forward, and inward of posterior parts. The patients are of course in a weak and depressed condition. The oral tissues are inflamed to such an extent that swallowing,. breathing, and feeding become exttemely difficult. Moreover, a largepercentage of patients have wounds, often equally or more grave, of other parts of the body. Lastly, broncho-pneumonia, heenmorrhage, and septicaemia are not uncommon, and the likelihood of their occurrence will temper the proposed method of treatment.
Past experience has clearly demonstrated that the early fixation of maxillary splints is essential, and the more extensive the injury the. more it becomes urgent. It is also true that such a procedure does not create new complications, but on the other hand tends to control them and to lessen the amount of sepsis. The mobility of the bony parts, which exists immediately after injury facilitates the technique of fixation; yet the necessary steps must be carried out with caution.. All avoidable discomfort is harmful, and often the preliminary work, or even the entire process of fixation, is accomplished while the patient.
is still in bed. In such cases a combination of maxillary splints) sutures through the bone, and extra-oral appliance has been used to. procure positive fixation of the displaced fragments. This procedures will be outlined in the following groups of cases. (FIG. 1) .
It is evident that a splint is indicated on the remaining teeth to hold the posterior parts-that is, the rami-in correct position, yet this offers no control over the scattered anterior fragments, the good alignment of which is needed for the ultimate consolidation of the bone. A splint, constructed of bands for the teeth, connected by a heavy threaded arch-wire (German silver, No. 12 A.G.) is cemented to place to keep the posterior segments firmly in occlusion ( margin of the lower teeth. At about its median line a short " T" is soldered, to serve later as a simple and effective support for a removable vulcanite addition to control the contour of the soft tissues. Wire sutures are then passed through the anterior bony fragments to lift them toward the arch into a natural alignment and contact. (In the. same manner where the mandible is fractured horizontally the lower segment is lifted to its former position in proximity to the main part, instead of being left as an isolated portion.) The treatment is illustrated by this case (figs. 1 and 2):-Case I.-Private M. was wounded on October 7, 1916, and admitted to hospital on October 9. There was an entrance wound on the right side of the face near the angle of the mandible, and an exit wound on the left side of the chin at the bicuspid region. The sublingual tissues were severely lacerated, and partially separated from their attachment to the lingual aspect of the mandible. The tongue was swollen and infiltrated with blood. The mandible anterior to the molar was comminuted, and the fragments were drawn downward and backward toward the base of the tongue; while there remained a horizontal portion of the lower border at the right bicuspid and molar region. The site of the fracture was exposed by the sublingual laceration. The left lateral and cuspid, together with the alveolar process, were loose as one segment. On October 11 an operation was performed under local anaesthesia for the removal of loose process, roots, and useless fragments of bone. On October 14, a temporary band and wire splint were adjusted,'which extended from molar to molar. On October 16 a profuse haemorrhage occurred from the right side of the mouth, probably from the lingual artery. It was arrested temporarily by packing, and later controlled by ligation of the right external carotid artery (Mr. H. Burrows). On October 21 the splint was removed, and the three roots on the left side and the right second molar were extracted. A new band and wire splint were cemented to-place, immobilizing the posterior fragments, but there remained a gap in the right anterior region. Holes were drilled through the anterior fragments, which were lifted to position and suspended to the arch by means of brass wire. Necrotic bone was removed from time to time, and eventually a removable vulcanite splint was added to maintain the contour of the lower lip. On November 9 the patient was evacuated to England. The skiagram showed that the bony parts were in good continuity and alignment. The splint was removed and digital examination showed a firm union at all points except the right molar region, where there was a slight mobility. It was therefore considered advisable to re-cement the metal splint before evacuation. Case II.-Private W. A. was wounded on August 6, 1917, and admitted to hospital on August 13, with extensive laceration of the lower lip, sublingual tissues, chin, and neck as far as the base. Attempts had been made to close the wounds at a casualty clearing station, but within a few days all the sutures had given way (fig. 3 ). The mandible from the right bicuspid to the left molar region was comminuted and the resulting fragments were greatly displaced ( fig. 4 ). On August 17 the jaw was immobilized on the same principle as in Case I ( fig. 4A ). On August 20 the soft tissues were sutured under a local aunesthetic. On October 10, the wire sutures which held in the anterior fragments were removed with some small pieces of necrosed bone. A removable vulcanite piece was fitted to maintain the contour of the lower lip. On August 25 the patient was evacuated to England. The soft tissues were healed, the scars were slight, and there was no facial deformity.
Skiagrams showed that bony union was taking place satisfactorily, but there were rarefied areas in the bicuspid regions ( fig. 5 ). In the type described under (I), the fracture and displacement may be extensive but the availability of teeth on both main segments -facilitates a secure anchorage of the splint. In this type (II) the absence of teeth on one side-either as a result of the injury, or of previous extraction-is a distinct disadvantage. The ramus of the edentulous side is usually displaced inward and upward: a condition which must be overcome both for the approximation of the segments of a~~~~ : bone, and for the preservation of a sufficient inter-maxillary space for future'dentures or oral restorations. This type is treated by one of the two following methods::-(1) To the teeth of one side are fitted metal bands which carry an *arch-wire as before, the free end of which is attached to a hole in the ramus of the edentulous side ( fig. 7 ). In this manner the main segments of the mandible are made secure, while the anterior segments are suspended as before by means of brass sutures. A supplementary support is given to the whole by an upper swaged splint, with hooks as for intermaxillary ligation.
(2) At times the condition of the mouth may not be suitable for attachment of the free end of the arch in the bone. In such a case the 73 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from 74 Kazanjian: Splints for Fractures of the Lower Jaw arch extends to the bicuspid region only (fig. 8 ), and suspension of the fragments is made to it. A vulcanite intermaxillary splint is supplied to control the edentulous side, and to offset its upward and forward tendencies. The same general principles hold for the immobilization here, but. slight modifications of technique are necessary. The arch-wire is attached to both main posterior segments, and to it the anterior fragments are suspended. An upper swaged splint with hooks is used to keep the lower appliance in position by intermaxillary ligation, and the intermaxillary vulcanite splint controls both rami ( fig. 9 ). Case III (figs. 9 and 10).-Private Ch. was wounded on March 6, 1917, and admitted to hospital on March 16. There was a large wound of the right side of the face, extending from the right corner of the mouth nearly to the lobe of the ear. The laceration included the mucous membrane of the cheek, and the submaxillary region. Tbree-quarters of an inch of the tip of the tongue was destroyed, and it was much swollen. A small piece of shrapnel was lodged superficially, anterior to the right ear. The bony comminution involved the anterior wall of the right antrum, and all upper teeth from the right lateral to the third molar inclusive were destroyed. The central incisors. and left lateral were fractured as one segment, but the remaining parts of the. maxilla were firm. In the mandible all teeth and alveolar process were destroyed, and the comminution involved the entire body of the bone. The resulting fragments were displaced downward, and were partly exposed, as were also the ends of the rami. On March 17 a few remaining roots and certain useless pieces of bone were removed under local anansthesia. On March 18 the lower segments were pulled to alignment and immobilized by attaching the arch wire to the ends of the rami for their suspension (fig. 1OA ). On April 2 the soft tissues were partially sutured, no attempt being made to close the entire wound. On April 4 some of the small wire sutures were removed, Section of Odontology 77 with sequestra of bone, leaving the wire arch intact and still supporting certain parts until May 17, when all splints were replaced by a vulcanite intermaxillary splint. A chin-piece and head-gear were used externally for upward support. On June 20 a plastic operation was performed on the right corner of the mouth. On August 4 the tongue was lengthened by an operation.
Present Condition.-Adhesions inside the mouth have been cut, and the union of the jaw is nearly complete, except for slight mobility on the left -side, which will disappear in time (fig. 1OB ). The mandibular arch presents a shortened appearance with some retraction of the chin. Dentures have been supplied. Case IV.-Private 0. was wounded on April 21, 1917, and was admitted to hospital on April 25. There was a wound about 3 in. long on the left side. of -the face, lacerating the angle of the mouth, the lower lip, the tongue, and the submaxillary region. In the upper jaw the teeth and the alveolar process from the right cuspid to the left second molar were fractured and very loose. The comminution of the lower jaw extended from the angle on the right to the left second bicuspid region, but the left bicuspids and molars were destroyed. At least four pieces of bone of appreciable size (the remnants of the lower border of the mandible) remained and were pulled downward toward the base of the tongue (fig. 11 ). On April 29 both jaws were cleaned of useless teeth and alveolar process under local anaesthesia. On May 5 the lower jaw was immobilized as in (III) (fig. 11A ), and an intermaxillary interdental splint was fitted to give occlusal contact to the posterior fragments. On May 9 the facial wound was completely closed under novocain. On May 17 the wire sutures through the bone were removed, and a new vulcanite splint was used. Additional outside support was supplied by a chin-piece and head-gear. On October 11 the tongue, which had been partially destroyed, was elongated byabout 1P in. 11B ). In this -case also the mandibular arch is shortened antero-posteriorly, but the deformity is slight. At different times bony sequestra have been removed as they appeared or began to loosen. After the removal of the original lower appliance with the wire sutures, the chin showed a slight tendency to recede, and a screw was placed in the bone at about the median line. By means of an extra-oral appliance the mandibular arch was again pulled forward. Upper and lower dentures have been supplied. The upper jaw is sometimes unavailable as a means of support to the lower splints, because of the destruction of teeth, fractures, loss of tissue, or because the patient was edentulous prior to injury. A substitute retention must then be used.
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In the treatment of this condition the parts -of the lower jaw are assembled as has been shown in (I), (II)l or (III). If the upper jaw is edentulous, partially fractured, or has lost teeth and alveolar process only, the upper vulcanite splint is used invariably to preserve a proper intermaxillary space during the period of consolidation of the jaw. This course, however, up to this point, has not provided the upward support to the lower jaw, which was ordinarily obtained by an upper swaged splint, and tberefore. an extra-oral device is necessary. A headgear is constructed in this way ( fig. 12 ). Gutta percha, 4 mm. in thickness, is softened in hot water and fitted to the forehead and temporal regions, and held in place after it has hardened by straps of webbing. From the lower ends-at about the level of the tragus of the ear-a heavy arch-wire passes in front of the mouth. The latter is controlled by a stiff wire which is fixed in the median line of the gutta percha. This large arch is rendered rigid, and serves as the foundation for suitable removable attachments to support the intra-oral splints, or the right antrum. On November 15 a splint was used to immobilize the lower jaw, as has been described in (II) ( fig. 12A ). An extra-oral appliance was used to support the lower splint, since no upper teeth remained (figs. 8 and 12). The wire sutures which supported the anterior fragments remained for about four weeks, and were then removed. A vulcanite lip splint was made to fit over the intra-oral arch-wire. On February 13 a plastic operation was performed under local anmesthesia for the closure of the wound. On June 6 the patient was evacuated with a satisfactory consolidation of the bone. Upper and lower dentures were supplied.
Case VI.--Private C. was wounded on February 28, 1917, and admitted to hospital on March 1. The projectile entered near the left side of the nose, causing only a small wound. It travelled obliquely downward, lacerating the FiG. 13. right side of' the lower lip, the chin, and the neck. There was extensive inflammation of the tongue, sublingual tissues, and of the neck. The upper jaw was uninjured, but the patient was edentulous. The lower jaw was cornminuted from the right angle to the left first bicuspid. The only teeth remaining were the left bicuspids. The bony fragments were displaced downwa'rd, inward and backward ( fig. 13 ). On March 13 the necessary impressions were taken for the construction of splints. On March 17 the lower jaw was imm-obilized ( fig. 14) as is shown in type (II) and in Case V, and the wound was partially sutured under local ancesthesia. On March 20 a head-gear was adjusted (figs. 8 and 15), and the immobilization of the lower jaw wa's completely effected by suitable attachments to it. Eventually the wire sutures and various pieces of necrotic, bone were removed, and a vulcanite splint was used to keep the at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Section of Odontology 83 contour of the lip and the chin. On March 28 a plastic operation was performed to remove the facial scars and to correct the right corner of the mouth. The patient was evacuated to England on September 1. The union of the jaw was complete. The two lower left bicuspids were in a healthy condition, and upper and lower dentures were supplied. The patient writes that the jaw has since remained in a satisfactory condition. The necessary steps are performed as soon as possible after injurypreferably within" a few days. It will be observed that the sutures through the bone are done in the mouth and not through soft tissue incisions. The earlier the treatment is begun the easier the steps are carried out, as the holes for the sutures may be drilled painlessly while the bone is still partially denuded. When it becomes necessary to separate the soft tissues slightly from about the fragments, local anmesthesia is indicated, since under a general anasthetic the work would be difficult for the operator, and the patient would be submitted needlessly to the possibilities of complications.
Absolute approximation of all fragments is probably not obtainable, nor is it an absolute necessity; the objects are to approach this ideal, and to get all the bony contact possible. Often the parts will have to be moved laterally as well as upward to get the continuity.
The intra-oral arch-wire which is soldered to the bands is No. 14 A.G. if made of German silver, and is threaded to facilitate the attachment of the wire sutures at any point. The wire which is used for the sutures through the bone may be either of silver or of brass; if of the latter, similar to Dr. Angle's fracture wire.
If at times it is difficult even with a local anmesthetic to expose certain bony parts from deep-seated positions for the drilling of holes, it is convenient to denude only a small surface into which a light screw is fastened for the attachment of the wire. Usually the wire sutures or screws will not be exfoliated before from three to five weeks, and by this time the initial consolidation of the tissues will have set in.
In the completely edentulous type, class (III), two methods may be employed for fixing the arch to the ends of the rami; of these two the first is more positive, but more difficult, while of the second the opposite is true.
(1) A small wire fork of softer metal (as Victoria metal No. 16 A.G.) is soldered to each end of the arch. The hole in the bone is drilled sufficiently large for this to be pinched into it; one end of the fork buccally and the other lingually (see fig. 7 ).
(2) A soft wire is passed through the hole in the posterior segment and tightened to make a ring. On the ends of the arch the weaker wire is again soldered to form a sort of claw, which is passed througl the ring and pinched (see fig. 9 ).
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Auxiliary Supports.-Unquestionably additional pressure properly applied under the chin, whether by means of chin-pieces, pads, or bandages, is of considerable assistance in the treatment of these types of wounds. Yet unfortunately, often in the early stages when such support is most needed, the nature and the location of the injury do not allow the application of any appreciable force to the soft tissues. When it is possible the correct use of a chin-piece is to be recommended. A chin-piece is designed to give upward and forward pressure (figs. 16 and 17), in order to offset the action of the depressor muscles. Gutta percha is fitted to the chin and neck, and connected to the head-gear by FIG. 16.   FIG. 17 ., two rods which pass to points in front of the ears. It is constructed in such a manner that two sets of elastics control it; one to pull it forward, and the other to pull it upward.
It might seem that this treatment for extensive injuries of the face and jaws would overburden the patient with uncomfortable and unclean appliances. However, such is not the case. The extra-oral parts can be taken off daily by the nurse or by the patient, and when vulcanite splints are inserted, the patient himself can remove them for feeding or dressings-except when he has wounds of the hands or arms. The 85 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from 86 Kazanjian: Splints for Fractures of the Lower Jaw intra-oral metal splints and wires are small in size, and frequent irrigations leave them in a clean condition. Free drainage of the mouth and the wounds is essential, and any operation to suture the face or neck must not interfere with it at too early a date.
No complications have arisen through drilling thesmall holes in the bone; perhaps because no laceration or incisions of the soft tissues have been necessary. This method is, of course, chiefly for use in extensive cases where few or no teeth remain; but it can also be employed to less severe injuries. Often when metal splints are used on the lower teeth with a bar bridging the site of a comminuted fracture, smaller pieces of bone may be suspended by wire sutures for a time, with the result that a fibrous union is avoided. The early fixation does not duplicate a normal jaw, but the attempts to construct a bony continuity are justified by the results. The regenerative power of the bone is great, and if the fragments are placed in contact and alignment, experience has shown that a jaw has been formed in cases which were apparently hopeless. The fact that there may result alignment without union simplifies such operative procedures as osteotomy and bone-grafting. If these measures are not indicated, the mouth, at least, is in a better condition to receive prosthetic restorations. By the timely immobilization and alignment of all tissues, a more respectable facial contour and chin prominence have been preserved, while the reduction of the muscular tension makes the wound smaller and the earlier suturing easier. I desire to express niy indebtedness to my colleague, Captain F. Brigham, R.A.M.C. (H.T.C.) for his kind assistance in formulating this paper with many of its illustrations; and also to the Medical Research Committee for the services of Sergeant A. K. Maxwell, in preparing valuable drawings.
